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ABSTRACT

The purpose of this study was to investigate the effects of maximal
exercise on the composition of plasma fatty acid in trained and
untrained subjects. Five trained distance runners and five untrained
subjects performed maximal treadmill running. Lactate, glycerol, free
fatty acid, fatty acid composition in plasma, and acetone, ethane,
pentane and butane in the expired air were measured at rest, during
and after the maximal exercise. The blood glycerol, following the
maximal exercise, was significantly higher in the trained subjects
when compared to the untrained subjects (P< (.01).

There was no significant effect of acute maximal exercise on the
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fatty acid composition of plasma in the trained or untrained subjects.
The palmitic acid of the trained subjects was higher than that of the
untrained subjects at rest and during recovery (P< (.01). The stearic
acid and oleic acid in the trained subjects were lower than that in
untrained subjects at rest and after the exercise. The acetone in
expired air during exercise correlated significantly with the exercise
intensity (% of \}02 ) in the trained subjects (r= (0.611, P< (.01), and
all the subjects (r= (.401, P< 0.05). There was significant relationship
between linoleic acid in plasma and ethane in expired air at rest, and
after exercise, in all subjects.

These results suggest that, 1) aerobic training caused changes in

the composition of plasma fatty acid, but acute maximal exercise did

not cause such changes, 2 ) the acetone in expired air increased with

an increase in exercise intensity, 3) the ethan in expired air might

'be caused by linoleic acid in the plasma.
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0.5 4.4 3.1 2.9
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0.5 8.3 7.4 2.8

FH4 v b AR —viFE Vol 13

— 255 —

REKED b IR ZRIEL, FFRA 2%
F7 52Ny FICRE L, BRINBPER Y R B
wicfTohic, TORBEERI LY FILD2R
E— F% 140 m/min, JEB#E1Z 120 m/min ©
AE—FTARE Y+ — 3 Y77y 7T 72,
EEAEMAE, Ly FIVEFERAL BREO 2
E-FE2ZhZh 4 H5METLEBRAE-F%E
10 m/min SO#Ed 5 C &ic X D EHFERBICE
5 CEEITOE . BBEBEZCBLTR
2 A 12 S CIRITIRIEICE - 7.

3 BREO L3, RSB L 130 m/min, 170
m/min, 200 m/min, ##EE 170 m/min, 200
m/min, 250 m/min T{T-7., KB v F3
VOIERIFEE S, SEBE 5, FRIBBE I3 3
WKRE LT, WRERY 7723y ZJiED LN
FeMZETEBAL, FERA X OFEIIZHFGIE 5
i, E#h3~44), T~84,, 11 ~124131
Gy, [EEIAE, 2~T743, 12~1T43, 26~ 30
Sy & b AT - 7e.

TRE LR R BN R A — FiIc TG E
ZRELRNMS, ZO—E2F F5—1y JITE
Y, BRELIREEY R BE, T rBIURIK
FRBEERE L. BRFBEIERE D 7o OFRSE
RS LR 2 BE IR VEERIORK L X
OB 2 rEEAER LCRIEL 2. Tho
DOFFZ A X BBEE 3 2 S O BEAN DEEHE H' 2 % F W
THRIELRD., E5ITF 7=y JEDHD
NIFEKH R BEIEH B L CAH SP O HEIIC
Lo TN AZRMEL, =5, _vFY, T
5 v OBLKRERE Lz, Th o RIKEEH
AKKDOH Rz 0= 75 74— (G2800-F) %*
IS R |

ZORERMR, 3OmDRF Y LAEEDH 7
A (3¢) T, BCAKIREMT VI FE2FHEHL,
Injection & 13 160°C, Detector R 12 280°C,
75 LEBEIR0CHr5RY— ML, BAEER
280C & L, HEEEILISC /TH-7k. R



— 256 —
7yt b v BER BIBALILARI2B=MT 5
74=ICTC, 20mDRAFY VRS T LICT,
#FTAHIIZ PEG (polyethylene glycol) %{#if{
L, #5 &REI80C c&E LRAEL 7.
BRIk, 2, EEHA TR, 254, 543, 10
4%, 1543, 30 MCIERE FEfRD 5170, M,
B, 70 ko-—, WHHEEIRIEERELC TRE
Ut @b ) 2F VB (Cy), SV F
VB (Cw)y, AFTUVER (Cy-p), A4 VB
(Cg-) Y/ —NVEE (Cy-y) & Folch DA I &
DRIEEEME L%, YT/ AS VY TAF T
ZFWELLY, B L 72KkEA + (kX (FID) #
2702 bS5 7 4 —ICTHEEL D, OHEE
EHRBELRIO S A+ 23— 7 (DS-502) %{
HL, EBBGD KT £ Tlifiehy iz 0B %
Lk, mEfOFEEZE, Student D t-test
ZRHVTRE L .

2. BIEmER

B 1 1o 8B & RSB DTS, B
X OB B 3 DHROZE) % FHIfl & i
fRETRLI. 3~44, T~84, 11 ~125D
DA RBEE T LT 145 £ 94/4, 166
+54/4), 186 % 83/, 194 + 11#1/5Tdh
b, IBEETIR 171 + 8 H1/5), 191 + 841/%,
194 + 6 TH - 2. 170 m/55 & 0F 200 m/%3 X

—~ 200}
£
g
s O Untrained
"é 150 ¢ ® Trained
£
@
£ 10} (>+-~¢
E ““4 %ﬂhﬂ
=
50
g ' 20 30

rest Exermse Recovery(min)

K1 Bgs (@) LIEBEE (O i
B 50O

— max.
e exercise OUntrained
1.2 l_ @ Trained
[£3)
‘E l L\
0.8
=
- !
0.4 o “---q
g =_4ﬁ_ﬁﬁ_1_ﬂ
0 est 0 10 2030

Recovery (min)
2 B (@ LiHEE O &
B B I chE AR 0251k

E— F oA SRS &I ERIcAER
=hBEHohts (P<0.0D).

B 2 ic i Ik rh O LRI R O L I X UNE
Bk DAL A FE L RERE TR L e, RERE
BV TEE DML 0.24 + 0.05 mEa/l,  FEE
BETI052 = 0.33mEq/l TH D, BAMHEIB
MEBLOHEBEEL SICEEH I Acd 5D
h, EixZzhZn 045 = 0.16 mEq/l, 0.76 *
045 mEq/l TH 0, HEENHTRVWTIhD S
V=75 BEEEFERCETH - 7. BiFED
fif V3 FESBE I LB LR W) 25 R S o Sl B
MIcEBELETRED SN, 1

B3 iif1i 7' ) & o — L 0oR#E S X OSES%
DE(LEE L EEERETR L, BEB X
VIEBEED ) ko — ViR EhER, 0112
+ 0.010 mmol/Z, 0.121 + 0.018 mmol/l TH b,
MECEERERBED SNBD - f2. BAES)

max.
0.5 exercise
oo 1 OUntrained
Lg @ Trained
g0.4 3
2o e
)
5 0.2} ¢
W o
=
B 0.1}
m e
"Test 0 10 20 30

Recovery (min)

K3 #EE (@ sEgEE O 1
BiF sl ) o — VEEDOEL
*, P<0.05, *;P<0.01.

FH v b ZR—vEE Vol 13



%107 & 15 icliBfficEEESZD O h (P
<005, P<0.0D, 1043 TidBiE<0.382 +
0.030 mmol/!, FEsBHRE < 0.289 = 0.030 mmol/I
Th-lk.

B IC 3B 1T 5 LHE B X OER % O h PR
EOZELEZB 4 /R LT, REIFICBOTIE, M
B AR OG-, MBS &EBL S 5
WRAEASSHBEL L, $86E < 11.0 £ 2.0 mmol/

[ max.
exercise

] . T OUntrained
% i @ Trained
r ~

[s~]
=

[
f=z]

Blood lactate (mmol//)
-
Z—

4

0 A i
rest 0 10 20 30
Recovery (min)

B4 EsE (@) kBT (O) i
B BMPABROZEL
*; P<0.05, *; P<(.0L

(%))
wof 2
%
0t
201 r
0} - !
Lnlmmm |

— 257 —
I, FFBE Tl 15.6 £ 2.2 mmol/l TH b, I
B B I B LE W EZR L7z (P< .05,
P<0.0D.

513, Lidleb & OE) R O Moo
AR DZEH) % FHEfE & BHERETR L, BiE L
B ETHR LD TH 2. LHEEITBL
T, SEE ORI, v F VB (Cy)
W 32.1% ERbEmL, LA VvER (Ch) A
30.7% L 2 FHIcEVEERL, V /-1
(Ci-2) 1%, 22.8%, 277 ) VB (Cs-0) 13 8.2%,
IV RFVER (Cuw) 1354% TH -7z, FEMBE
KBOLTR, A4 YRR (Ce-) b > & bEKL,
37.0%, v 3 7 B (Cyp) & 26.2%, V) / — Vg
(Ci-2) 1322.8%, X771V YR (Cy-0) & 10.1%,
IVAF VR (Cw 1354% TH-7c. BiED
NI FYRE, FRBEEICHRLARICES
P< 00D, —AAv4 /BRI, BEEELD &I
BHAORIPERCEVEEZRLEL (P

Ci=0

5 rest 25 5 10 15 30 rest 2.5
(%) Cs=1 * * Recovery(min) Ca=2
0 v | Tt
30
20¢

10F

%
10 15 30  rest

Recovery (min)

5 10 15 30
Recovery (min)

A AN =

0 J
rest 25 5 10 30 rest 2.5
Recovery (min)

—

5 10 15

Recovery (min)

*
30

5 ImieiERR oE () &IEgsE O Ol

% P< 0:0h,. **;P<i.01,

FH v ZAE—vERE Vol. 13



— 208 —

0.0D. =257V vERIZEHEY 5, 10, 15 cmEE
BMTAEENED o P<0.05). IV RFV
&)/ —VBRRENEFNEIEE 254 & 304
D AMERNICERENSED S, EHEROIEN
MBI OZBIc>W\WTA B &, EHK%, BHEEB
XOIEBEE & i, SV IF VR A LA VR
ZFT ) YBRZEAERICHY, U/ — VERIZH
DEEDBR SN, LhL, WEhbEERER
BEHONIEh - T,

B 6 1 ES P OFEK[h DO 7 £ b v JRE & EE R
B (FRREHR/ SABRFEIER) OBFRERL
12bOTH B, BEEICBVWT, BRthTR bV
B ETEE &SV HBRRAED o h
= 0611, P<0.0D. U LIESBEE ICBVLTII,

Trained
° y=0.0032x+0.481

1.0p 6(:‘—-—0.611, P<0.01)

0.6} 200" e

Untrained
e.5 (r=0.329, ns)
0.4} [} 8

Acetone in expired air (ug/l)

4I0 6.0 8.0 160

% of Vopmax (%)
X6 BEiE (@) LIEgsE (O) wbls
FEGH 7 & b B LR
(BRFEHR /KRR EIE) ORF

¥y=2.906x+ 8,790

(r=0.662, P<0.05, A)
X 30} A a
s A -
'g }A
U 20¢ s .M/f
E | =,
S i A y=3.565x+5.298
4 10f (r=0.652, P<0.05, &)
| . . . . . p
== 4 6 8

Ethane (pmoles/100m/)
BT L (A BLUEIERHL T (A) whids
mey 2 — VB EFESH T 7 v REOBR

]
0.3t " e O & /iAllsubjects
© ,”.i y=0.0033x+0.414
,.v-‘/. [ (r=0.401, P<0.05)
3

AEULERRIRONE L1 r=0.329, ns).
EAHRE TR, FRICEVEERGEEE S
(r=0.401, P< 0.05).

B 7 < 3 ZErr s X OmIEH 5 A Bic ki A1
hY) 7/ —VEREESK S & VBEORZRERL
fo. REREBCBOVTLZEHED ) / —ViRE ¥
vBEORICHEESHBEBMMK r= 0662, P<
0.05) »EBH SN, [HHEH BT FEVHE
BAfREL (r= 0.652, P< 0.05) B@EH oz, L
Lo, Ry s &by 7 —vigs &
UMt 7 4 v EMfith S ) R F VBRI EES
BARIZED Shish - 1.,

3. % =

ARICBOT M by F IVERKEERO MG
WEEERSNF RIS B L O ) 2 o — VR, K
B LB LSBT b X O JRSBEE & bicERICH
ALtz (A2, 3). oL, BAEHICKY
TEEARBMOITTE LI E2RB T2 bDTH 5.
COfERIEIhETCOMEL—FHL TR,
T IEBE D 7Y & o — UIERE I3 IR I s
LAERICE@ERLLIED S, BEEOIEN 5
RIRIBEED ENE DVERTH B T EART b
DTHA9H. ELIKEBETRE, -1z bODEE
5 DERERE TR 3 IEBAE & 0 BV BRI AR &
n (B2), &SI FLERIRES 13 IR 1c L~
SsEOFBERICE,L -2 (F4). ThoOf
SR (3 IESBRE & 0 IBIRR DL D A S 5%
WZEitkBbDTH AP, [EERICHAET I
BT, SBEE IIIRBEE I B D S TR
EEWI DL S = A VF—2HELTVWB T &N
HESh 5.

Simko™” i35 v b ZWRICKK P V==
EITOEIEER, ~SVIFUVBRERTFT ) VRIS
MmAED5h, A YBREIELLEP kT
EEHELTVWS, Fhdo®Pi3kkbr—=v
7%, RFT7 ) VBEA LA VBT IS

F4 v b 2R — YR Vol. 13



LIcTEEMELTVEY, EELEKRERFOD
DTRBOVERRTWS, LrLEMS, Wirth
SR, FL—=VIBNIFUBBRERATFTY
VRO L, A LA VERDSEK LT T & A
LTW3, FHBROPESy FEXRICILTO
EMERIORB/AME b L — = v 7 BRI D IR
OIS DBED SNBh - T EEMELT
W3, &5ic, Carlsten 5213, HizdEH% 2 5
TYVEREAX VA VBBBRDL, ST VERE

Y = VEEBEER LT EERELTWS, CTO
X5, EEB LU L— = 7 H TR
K5 Z BB >V TORRIZ—HL TV,

AWz VT, B5IRT LS, acute s
EIC & - TIIPIEHBRAHARICZA LA b h i
otz L LMD, FEBHRE I ~BEE O
NN FVYRBARCEWVEEZRL, RFT) Y
ML LM VBRIBEBRICEWEERLE. PL—
=V TRONNVIF VRROERS VA VA v
OB I3HFEHYP Simko LV OFERE—FHL T
Wi, FHBEEORTTY vIRDIEEEE L b
BWEZR LA &R Wirth SPOEREE L
Thote. TOTEREPMICOIZ2MLVWER
FRELES) IR TES) & i, RAEH L
THHAIC B O TIEHRSERMICFAEs T
BLEERBLTWEEDTHAD.

SR 7 & b v 3R b — v 2P0
WAL ETHWEERT I EMREShTEY,
ADRERELZIFBIMANICE 522 EMWTEE
HAEHTWVS, Tt ViRIEHOSMRICK-T
R E 0B, BEBifERRD o i & huro RN R
WIMFRIC D - THFRICERX D, kA
NBRALERRIC K - TSNS, WX T2 b
YRIEDOBRAR S I TERS W TR b v %
ftlh o AR A FR AR & BB 9 2 LIETic & itifla T
F2y I TEHIELTHBY,

APRICBVT, B6ICRT LI, FRbO
7 b v REE SRS HE R R & BRI BAR L T

FH v b AR —vREE Vol. 13

—259—

WA EMHSMcEINT, EHEEICEHED
PR 72 b VIBEMAKD A H =X L RBFLNT
BIEVY, ZHSOVBERB T b RER, A
FaA-NT I VEFESBRLTVWA ZEEHREL
TWBZ EpD, APIFRICBLWTERREICE S
BWAHFa—w7 I AL, ThBElS R
EREL HIERHO 7 £ b AR LbdbD
LHEINS,

BEFEHC B L OCHRALPICE - T, I
Do Iy PRy i vEDORILIKIKISBRIL
EHONRIC X » THET B EMMEI TR
fe. L LIhoo#itid@c OFFREKES %
WHRICEHEBES N ISR TH S, EHicksihd
FERHRILAROZ LIc 2V T}, HEMSIERIC
Dig\», Dillard 52 I3HEHE T VT X — & TOE
BIRAMEIER Ry & BN L T E ARG L
TW3, ABRICEBWT, Dillar 52 D#E & 7S
D, B~y s YBERIFEERCHEAIBES L
15t 1z, |

BT wwRLic&diiidy / — VERIREE 3R
thr s VIRE EFRSBRSED S hi. Joff
R o, WKz y YREERIMHPDO Y /7 — VR
BEEARML TS O LRSS, FFERH
Ty vBLURVI VBEREZOATAMP I ) X
FUBBIUY /7 — VERIRE & B ISBIRIIRYD
ShitipotcT &S, GRS OICFIEHIZLN
EEhs,

4. £ & O

ARFZEIR 1) BAEEY R O IR R % 8
g LIEBsE TR T AT L, 2) EFf o
ST € b VIRE S EFREOBREIA S hICT
5T, 3) BRKEFHROFETHRIKRERE &
[ RERERAE R DBIR A S icd 2 2 2 HWY
KITW, 2 E¥D XS BEREE.

1) acute 78 B AR I RS BAH R AT
EHIHEREALRR SN e, idrw 3



— 260 —

F URRIBE 3, FRBEE ICNBEEO AV EE
i, A7 7Y YRRIBEBEE X 0 BT
OEHPERISEHWMETH - .

9) EHHOFLHET & b v I I R
(FRRIER/ BRABRFEIE) SEEcBfRLT
Wiz, BEEICBVWT, mEFOHBEBERE r=
0611 (P<0.01), FEEBEZFIBVT, r=10329
(ns), @HRFICBVLTIRr= 0401 (P<(0.05)
Th-tz.

3) PRz & VBRI / — VBRI %
KSRKMLTOWAB T EMBBHOMEN -T2,

#OE

HEIFRETH 2 AHERERKSH 1991 F4 A»
59 A% THF ¥ D University of Waterloo ic
HiR L 7cioo, Rl RR (EHETRAPRE
FEHZE) AR ZE BBV L, AHEOH;
EF7EE & LTk ERZELLV. Ricid
FEERAEE, MhREPEORE, 77—yt
 OEPZEF .

X &

1) Carlsten, A., Higgendal, J., Hallgren, B., Jag-
enburg, R, Svanborg, A., Werkd, L.; Effects
of ganglionic blocking drugs on blood glu-
cose, amino acids, free fatty acids and cat-
echolamines at exercise in man, Acta Physiol.
Scand., 64, 439 - 447 (1965)

2) Dillard, C. V., Litov, R. E, Savin, W. M,
Dumelin, E. E, Tappel, A. L.; Effects of ex-
ercise, vitamin E, and ozone on pulmonary
function and lipid peroxidation, J Appl
Physiol., 45, 927-932 (1978)

3) Dohm, G. L., Beeker, R. T, Israel, R. G,
Tapscott, E. B.; Metabolic responses to ex-
ercise after fasting, J. Appl. Physiol, 61, 1363
- 1368 (1986)

4) Dumelin, E. E, Tappel, A. L.; Hydrocarbon
gases produced during in vitro peroxidation
of polyunsaturated fatty acids and decom-
position of preformed hydroperoxides,

Lipids, 12, 894-900 (1977)

5) Folch, J., Lees, M, Sloanestanley, G. H. ; A
simple method for the isolation and purifica-
tion of total lipids from animal tissues, J.
Biol. Chem., 226, 497-509 (1957)

6) “AREZ  WRT € b v EEEEE L OEB AR
L AREROGRICBT B FY bR
F—vRE, 9, 180-188 (1988)

TR —B, SfERK ; RRIEELE: RS,
p. 368 (1970)

8) AlEkid, MREER, ELHZ, /&= EHE)
Ao OfgERH (1), ¥4 v b 2R—vE
%, 7. 2-15 (1986)

9) HFAHE ; b L—= rHilits X OISO
EREERERILIc B 7o 2 B R, (KEHEPIZ, 20,
245-249 (1984)

100 =HEE, AR, —AREZ | Wi
Yo, Ho2EBUI o< S5 T4 v R Y
o AFSCE, pbl-55 (1984)

1D ®E 3 i B FERGT & T OERIKIGH,
P, 1, 235-242 (197D

12) Ohkuwa, T, Katou, Y., Katsumata, K., Nakao,
T., Mivamura, M. ; Blood lactate and glyce-
rol after 400 m and 3000 m runs in sprint
and long distance runners, Eur. J Appl
Physiol., 53, 213-218 (1984)

13) Ohkuwa, T., Miyamura, M. Andou, Y.
Utsuno, T. ; Sex differences in lactate and
glycerol levels during maximal aerobic and
anaerobic running, Eur. J. Appl. Physiol., 57,
746 - 752 (1988)

14) Pruett, E. D. R. ; FFA mobilization during
and after prolonged severe muscular work
in men, J. Appl. Physiol, 29, 809-815 (1970)

15) Rothlin, M. E.,, Bing, R. J. ; Extraction and
release of individual free fatty acids by the
heart and fat depots, J. Clin. Invest, 40, 1380 -
1386 (1961)

16) BEEHHE  EANBRILIBEEOHIE C., WS
fr, BECIEEERE €M, MHEE EHE3ED
Wt pp. 98-108 (1983)

17 Simko, V. Ondreicka, R., Chorvathova, V.
Bobek, P. ; Effect of long-term physical ex-
ercise on bile sterols, fecal fat and fatty acid
metabolism in rats, J Nutr, 100, 1331 - 1340
970

18) Spitzer, J. J., Gold, M. ; Free fatty acid met-
abolism by skeletal muscle, Am. J. Physiol.,
206, 159-163 (1964)

19) Stewart, R. D., Boettner, E. A. ; Expired-air
acetone in diabetes mellitus, New Engl. ]

FH vk AR— 2R Vol. 13



Med., 270, 1035-1038 (1964)

20) SAAIERE, /IMIES | EE) & KEICBAT AR
GE2HD XREEEE, 21, 55-59 (196D

21) Tassopoulos, C. N, Barnett, D.; Breath-ac-
etone and blood-sugar measurements in
diabetes, Lancet, 1232 -1286 (1969)

22) & &S, ik BT, KHEEH, KEHEET,
WAFHE, BAERES ; KELEH M o X X3
PelhiHEt ORI S 36 KT 9 8, RETMH
g, 30, 53-57 (1972

FH4 v b AH— v Vol 13

=701

23) WHIFEZ, ARBOA, BEE 7 rHFE, g
FoBs, Ra)EHHE ; WS 2 ALK FERIE DGR
R, BARBREEZESHRE 13, 108-112
(1983

24) Wirth, A, Heuck, C. C, Holm, G, Bjérntorp,
P.; Changes in the composition of fatty
acids of total lipids in various tissues and
serum due to physical training and food
restriction in the rat, Scand. J. clin. Lab.

Invest., 40, 5562 (1980)



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9

